Background and objectives The choice of induction agent in the elderly kidney transplant recipient is unclear. Results In high-risk recipients with high-risk donors there was a higher risk of rejection and functional graft loss with IL2RA versus rATG. Among low-risk recipients with low-risk donors there was no difference in outcomes between IL2RA and rATG. In the two groups in which donor or recipient was high risk, there was a higher risk of rejection but not functional graft loss with IL2RA. Among low-risk recipients with high-risk donors, there was a trend toward a higher risk of death with IL2RA.
Introduction
The elderly comprise the largest growing segment of patients with End Stage Renal Disease (ESRD) and are the fasting growing segment of transplant recipients (1) (2) (3) .
Immunosuppressive management in the elderly transplant recipient is increasingly complex, with higher risks of infection posttransplantation (4 -6) and decreased immunogenicity (4, 7, 8) with increasing age. It is further complicated by the preferential allocation of higher risk donor organs to the elderly (9) , modifying the baseline risks for posttransplant outcomes in this group of patients. In particular, the role and choice of induction agent remains unclear in the elderly because there are few data to inform the risks and outcomes associated with induction use in this population (3) .
In this paper we outline the use of induction immunosuppressive agents in elderly transplant recipients in the United States and examine the association between choice of induction therapy and outcomes after kidney transplantation in an attempt to inform a risk-stratified approach to induction therapy in the elderly kidney transplant recipient.
Materials and Methods

Study Design
All recipients of deceased-donor kidney-only transplants who were transplanted between January 1, 2003 and December 31, 2008 (with follow-up until March 1, 2009 ) and were aged Ն60 years at the time of transplant were identified using data from the Organ Procurement Transplantation Network/United Network of Organ Sharing (OPTN/UNOS). Patients in whom no immunosuppressive therapy was reported or those who reportedly received multiple induction agents were excluded. The cohort was then restricted to those who received an Interleukin 2 receptor antibody (IL2RA), rabbit antithymocyte globulin (rATG), or alemtuzumab induction. Those who received other induction agents comprised a very small proportion and were excluded, leaving a total of 14,820 patients.
This cohort was then divided into four subgroups using clinical characteristics selected a priori on the basis of donor and recipient risk factors as outlined in Figure 1 . The four subgroups included (1) high-immunologic-risk recipients with a kidney from a lowrisk donor, (2) high-immunologic-risk recipients with a kidney from a high-risk donor, (3) low-immunologicrisk recipients with a kidney from a high-risk donor, and (4) low-immunologic-risk recipients with a kidney from a low-risk donor (Figure 1 ). High-immunologic-risk recipients were defined as those with a peak Panel Reactive Antibodies (PRA) Ͼ 20%, prior kidney transplantation, or black race. The cutoff of peak PRA Ͼ 20% was based on cutoffs used in prospective studies (10) . High-risk donors were defined as those meeting the criteria of expanded criteria donor (ECD), donors after cardiac death (DCD), or having a cold ischemic time (CIT) Ͼ 24 hours. Within each subgroup, acute rejection at 1 year, death-censored graft survival, and patient survival were compared by induction agent. Acute rejection rates were determined as reported acute rejection episodes by individual centers to UNOS and were not restricted to biopsy-proven acute rejection episodes. Functional graft survival was determined from the date of transplantation until retransplantation or return to dialysis therapy; patients were censored at the time of death or at the end of the study period.
The definition of "elderly" has varied in prior studies and reports. The cohort age cutoff of Ն60 years was chosen in this study because this is consistent with prior reports (11) (12) (13) (14) and allowed sufficient power for multivariate analyses in each strata. To account for the age range in this elderly cohort, recipient age was stratified and included in each multivariate model. In addition, more parsimonious multivariate models were repeated excluding patients Ͻ65 years of age and yielded similar results where power was sufficient (data not shown).
Statistical Methods
Donor, recipient, and transplant characteristics were described using means (ϮSD) or frequency. Continuous variables, including age, CIT, duration of dialysis, and peak PRA were categorized because these effects on outcome were not linear. Comparisons between groups were made using the Wilcoxon rank-sum test for continuous variables and the Kruskall-Wallis or 2 test for categorical variables.
Patient and graft survival were estimated using the Kaplan-Meier product-limit method and comparisons between groups were made using the log-rank test. Logistic and Cox regression models were fitted to determine the risk of acute rejection at 1 year, death-censored graft loss, and patient death for recipients given IL2RA and alemtuzumab compared with rATG. In addition, 1-year patient and death-censored graft survival were examined as outcomes to account for variable follow-up times in the study groups. Unadjusted cause-specific hazards of death were also examined using competing risk Cox models.
All donor, recipient, and transplant factors significantly (P Ͻ 0.10) associated with the outcome on univariate analyses or deemed clinically relevant were included as covariates in the multivariate models. The need for dialysis within the first week after transplantation was included in each model to account for potential confounding by indication in the study design. The proportional hazards assumption was tested for variables in the models using time-varying covariates. Visual inspection of log(Ϫlog S[t]) versus log t plots across primary categorical variables did not indicate serious violations to the proportional hazards assumptions. To adjust for variation in clinical practice by transplant year, this factor was included in all multivariate models. For all variables, missing data were categorized as such and entered in multivariate models. All analyses were performed using Stata Statistical Software, release 9.1 (StataCorp LP, College Station, TX). Figure 2 outlines the use and choice of induction therapy over time among recipients aged Ն60 years, demonstrating an increase in the use of induction immunosuppression. Although the use of T lymphocyte depleting agents has increased, the use of IL2RA appears to be decreasing over time. Similar trends for induction use were seen in patients aged 18 to 60 years, suggesting these trends are not age specific (data not shown).
Results
Induction Use Over Time
Baseline Characteristics (Table 1) Compared with patients who received rATG induction, those who received induction with an IL2RA appeared to have a lower immunologic risk because they included fewer African American patients, fewer patients with a prior transplant, more patients with a PRA Ͻ 20%, and more patients with zero HLA mismatches. Recipients in the IL2RA group received more kidneys from lower risk donors who were younger and had a lower mean terminal serum creatinine level, with fewer donors that were African American, died of a stroke, had a history of diabetes mellitus or hypertension, and qualified as ECD or DCD.
Compared with patients that received rATG, those who received alemtuzumab included fewer African American patients, fewer patients with a prior transplant, more preemptive transplant recipients, and more patients with zero HLA mismatches. In addition, alemtuzumab recipients included fewer patients with a history of hypertension but had longer mean CIT. Donors in the alemtuzumab group included more donors that were African American, had diabetes, and were DCD. However, donor death due to cerebrovascular accident was more common in the rATG group.
Maintenance Immunosuppression at Discharge
In the rATG group, 94% were discharged on a calcineurin inhibitor (CNI), 85% on a mycophenolic acid agent (MPA), and 68% on steroids at discharge. Similarly in the IL2RA group, 92% of patients were discharged on a CNI, but cyclosporine use was more common (32% with IL2RA versus 12% with rATG). Also, 85% were discharged on an MPA, but steroid use was more common (89%). In the alemtuzumab group CNI use remained common (91%); however, MPA use was less common (78%) and only 30% of patients were discharged on steroid therapy.
Donor/Recipient Risk Groups
Recipient, donor, and transplant characteristics for each risk strata are outlined in Table 2 , demonstrating reasonable stratification of donor and recipient risk factors for graft loss. Importantly maintenance immunosuppressive protocols appear relatively similar in the different risk categories. Figure 3 demonstrates Kaplan-Meier curves for overall graft survival (including death) for each risk group, with the best survival in the low-risk recipient and donor group and the worst in the high-risk recipient and donor group.
Posttransplant Outcomes Overall Nonstratified Cohort
In the entire cohort, elderly recipients who received rATG had the lowest cumulative rate of acute rejection within the first year after transplantation (7.3%) compared with the IL2RA (10.5%) and the alemtuzumab groups (11.4%). The adjusted odds of acute rejection at 1 year were significantly higher among recipients of IL2RA (odds ratio [OR] 1.65; 95% confidence interval [CI] 1.45 to 1.89) and alemtuzumab (OR1.35; 95% CI 1.08 to 1.69) compared with rATG. Patients who received IL2RA or rATG had no significant difference in death-censored graft survival on multivariate analysis (hazard ratio [HR] 1.09; 95% CI 0.97 to 1.21). However, there was an increased risk of death for recipients of IL2RA (adjusted HR 1.12; 95% CI 1.02 to 1.21) compared with rATG. This effect dissipated when we adjusted for acute rejection. Alemtuzumab recipients demonstrated an increased risk in death-censored graft loss (adjusted HR 1.60; 95% CI 1.34 to 1.92) and death (adjusted HR 1.32; 95% CI 1.14 to 1.53) compared with rATG. Figure 4 displays Kaplan-Meier curves for death-censored graft survival and patient survival by induction type for each risk-stratified cohort. In this univariate analysis, graft and patient survival were superior with rATG compared with IL2RA and alemtuzumab in the highest risk group (high-risk recipient with high-risk donor). In addition, patient survival was superior with rATG in the low-risk recipient/high-risk donor group. Alemtuzumab was associated with inferior graft survival in low-risk recipient groups (low-risk recipient/high-risk donor and low-risk recipient/ low-risk donor). Tables 3 through 5 outline the results from multivariate analyses examining the risks of acute rejection at 1 year, functional graft loss, and death for each risk-stratified cohort.
Cohorts Stratified by Donor/Recipient Risk
High-Risk Recipient and High-Risk Donor
Forty-seven percent of high-immunologic-risk elderly recipients in the cohort received a kidney from a highrisk donor and Ͼ30% of these patients received IL2RA induction. The use of IL2RA in this group was associated with a higher risk of acute rejection and functional graft loss compared with rATG. After adjusting for acute rejection in the Cox models, the higher risk of graft loss was not seen. When restricted to 1 year of follow-up posttransplant, similar results were seen with a higher risk of functional graft loss with IL2RA (HR 1.27; 95% CI 1.02 to 1.60).
High-Risk Recipient and Low-Risk Donor
Fifty-three percent of high-immunologic-risk elderly recipients in the cohort received a kidney from a low-risk donor and 38% of these patients received IL2RA induction, whereas 55% received rATG. In this group, the risk of acute rejection in the first year was greater with the use of IL2RA, but there was no significant difference in the risk of functional graft loss or death. This persisted when follow-up was limited to 1 year.
Low-Risk Recipient and High-Risk Donor
Fifty-one percent of low-immunologic-risk elderly recipients in the cohort received a kidney from a high-risk donor and 42% of these patients received IL2RA induction. In this group, the risk of acute rejection in the first year was significantly higher with the use of IL2RA, but there was no difference in the risk of functional graft loss or death. However, there appeared to be a nonsignificant trend toward an increased risk of death with IL2RA in this subgroup. Again, similar results were seen when restricted to 1 year of follow-up.
Low-Risk Recipient and Low-Risk Donor
Nearly 50% of low-immunologic-risk elderly recipients in the cohort received kidneys from low-risk donors and 41% of these patients received rATG induction, whereas 51% received IL2RA induction. In this group there was a higher risk of acute rejection with IL2RA; however, when the need for dialysis in the first week was excluded from the model, there was no significant difference in the risk of acute rejection between IL2RA and rATG. In addition, there was no significant difference in the risk of functional graft loss or death between IL2RA and rATG. The unadjusted relative hazards of cause-specific death were determined with the use of IL2RA versus rATG, censoring for other causes of death. There was no difference in the risk of infectious (HR 1.14 [0.94 to 1.38]) or malignant deaths (HR 0.89 [95% CI 0.68 to 1.16]); however, the risk of cardiovascular deaths was greater in the IL2RA group (HR 1.27 [95% CI 1.08 to 1.50]).
Alemtuzumab
Alemtuzumab use was most common in the high-risk donor/high-risk recipient group, in which it was used in 14% of patients. Its use in this group was associated with a greater risk of functional graft loss and death compared with rATG. In high-risk recipients with low-risk donors, alemtuzumab use was low (8%), and no differences in graft loss or death were seen compared with rATG. Among lowimmunologic-risk recipients, alemtuzumab was associated with a higher risk of functional graft loss, but an increased risk of death was only seen when there were high-risk donors.
The use of alemtuzumab was associated with an increased risk of acute rejection in the overall analysis, but the risk of acute rejection was higher with alemtuzumab only in low-risk recipients who had high-risk donor organs.
Discussion
In the last decade, the proportion of transplant recipients reported to UNOS Ͼ60 years of age has grown from 14% in 1999 to 25% in 2009, changing the face of the transplant recipient. The use and choice of induction immunosuppressive agent in elderly transplant recipients remains unresolved. Elderly patients are believed to generate a less potent immune response, which may allow for less intense immunosuppression (3, 5, 7) . Furthermore, studies from individual centers and registry analyses have documented an increased incidence of opportunistic infections as the age of transplant recipients advances (5,6). Therefore, it has been suggested by some that less aggressive induction immunosuppressive regimens may be warranted in the elderly transplant recipient (3). However, the increased utilization of organs from ECDs has introduced an added layer of complexity in the early posttransplant management of elderly transplant recipients because most kidney allocation strategies preferentially allocate organs from higher risk donors to elderly recipients (9, 15) . Ultimately, a risk-stratified approach to induction is likely warranted that considers issues specific to the elderly transplant recipient, but there are few data to inform such a strategy in this population. This retrospective examination of induction utilization and associated outcomes in the United States is a first attempt to inform an evidence-based riskstratified approach to induction in the elderly transplant recipient.
We found that a risk-stratified strategy does not appear be standard practice because Ͼ30% of elderly patients with high immunologic risk who had high-risk donor organs did not receive a T lymphocyte depleting agent. Conversely, nearly half of elderly recipients with low immunologic risk who received organs from low-risk donors were treated with rATG or alemtuzumab induction.
In our analysis, we found a higher risk of acute rejection within the first year after transplantation with IL2RA use in all groups. This is in keeping with the results from two randomized trials comparing rATG with IL2RA in a high immunologic risk, albeit younger population (10, 16) . Both of these trials demonstrated higher rates of biopsy-proven rejection with IL2RA use. Our results suggest that despite decreased immunogenicity in the elderly, the risk of acute rejection remains significantly higher with IL2RA.
Although the increased risk of rejection in the highimmunologic-risk recipient is not surprising, it is interesting that this is also seen in the low-immunologic-risk groups. The risk of acute rejection increases with DGF (17) , and this may, in part, explain the higher risk of rejection in these groups. We were unable to adequately examine this because we found that the incidence of DGF was consistently higher in the rATG group across all strata, likely reflecting confounding by indication and making it difficult to examine the effect of DGF on graft outcomes. Indeed adjusting for DGF in the lowest risk strata strengthened the association between IL2RA use and acute rejection, highlighting Data presented as OR (95% CI) unless otherwise indicated. a Steroid use at discharge, DCD, ESRD from diabetes mellitus, CIT Ͼ 24 hours, CIT unknown, PRA unknown, and pump use were all nonsignificant (P Ͼ 0.10). b Steroid use at discharge, ESRD from diabetes mellitus, PRA unknown, CIT unknown, and pump use were NS (P Ͼ 0.10). c Steroid use at discharge, DCD, pump use, ESRD from diabetes mellitus, PRA unknown, and CIT Ͼ 24 hours were NS (P Ͼ 0.10). d Steroid use at discharge, pump use, and CIT unknown were NS (P Ͼ 0.10). e Logistic regression model ran without including DGF (dialysis in the first week after transplantation) as a covariate. *DGF, dialysis in first week after transplantations.
the confounding by indication in this group. However, in the remaining three study groups, the risk of rejection with IL2RA persisted whether or not DGF was included in the multivariate model, suggesting that DGF is likely not the sole contributor to rejection. Another important consideration is the degree and type of CNI exposure. The use of tacrolimus was substantially lower in the IL2RA group, but it was included as a covariate in all multivariate models. Furthermore, in the high-risk donor groups, we may speculate that the primary purpose of induction was to minimize early CNI exposure. Although we found no significant difference in the proportion of CNI use at the time of discharge, we do not have data on dosage or drug levels. It is possible that CNI exposure may have been lower in these cohorts and that the use of IL2RA with low-dose CNI may increase the risk of acute rejection relative to rATG.
Long-Term Outcomes
Although we demonstrated a higher risk of acute rejection with IL2RA, the effect of this on long-term outcomes appeared most significant in the highest risk group. In the setting in which donors and recipients have high-risk characteristics, our results suggest that rATG reduces the risk of functional graft loss. When we adjusted for acute rejection in the Cox model, the increased risk of graft loss dissipated, which suggests that this may, at least in part, be mediated by the higher risk of acute rejection with IL2RA.
There are few data comparing different induction agents in an elderly population, but our results are not in keeping with large, multicenter, prospective, randomized trials performed to date comparing rATG and IL2RA among recipients of all ages with high-risk donor and high-risk recipient factors. Brennan et al. compared rATG and basiliximab induction in a population at higher risk for rejection or DGF and did not demonstrate a significant difference in the composite endpoint of acute rejection, delayed graft function (DGF), graft loss, and death between these two agents, despite a difference in acute rejection rates (10) . Similarly Noel et al. (16) compared daclizumab and rATG induction use in a high-risk, HLA-sensitized renal transplant population and found no significant difference in 1-year graft or patient survival. However, the mean age of recipients in the Brennan and Noel trials was only 50 and 45 years, respectively, which limits the generalizability of these trials for elderly recipients.
Acute rejection is associated with graft loss (18, 19) , and it is possible that this association may be stronger in the elderly. This was suggested in an analysis by MeierKriesche et al., who reported that the annual adjusted Data presented as HR (95% CI) unless otherwise indicated. a ESRD from diabetes, CIT Ͼ 36 hours, CIT unknown, PRA Ͼ 20%, PRA unknown, AA recipient race, and dialysis duration unknown were NS (P Ͼ 0.10). b AA recipient, PRA Ͼ 20%, PRA unknown, and ESRD from diabetes mellitus were NS (P Ͼ 0.10). c Diabetes mellitus cause of ESRD, DCD, CIT Ͼ 36 hours, CIT unknown, and dialysis duration unknown were NS (P Ͼ 0.10). d CIT unknown was NS (P Ͼ 0.10). e Cox PH model ran including acute rejection in the first year as a covariate. *DGF, dialysis in first week after transplantations.
death-censored graft loss per 1000 patients over a 5-year period for patients who suffered an episode of acute rejection was higher for recipients aged Ͼ65 years of age versus those aged 18 to 55 years (20) . Although these mechanisms require further study, our results suggest that the use of rATG in high-immunologic-risk elderly recipients who receive kidneys from high-risk donors may be advantageous. The only other group of elderly patients in which rATG use may be associated with better outcomes was among low-risk recipients who received high-risk donor organs. In this group, although the risk of functional graft loss did not differ in the IL2RA and rATG groups, there was a trend toward a higher risk of death with IL2RA. Patient survival is inferior with ECD kidney transplants (15, 22) . It is possible that this effect is stronger in an elderly population and may potentiate the severity and long-term implications of acute rejection episodes.
Therefore, we hypothesize that although the risk of acute rejection is higher with IL2RA use in the elderly, its effect on long-term outcomes may only be realized when elderly patients are transplanted with kidneys from high-risk donors. The potential interaction between donor risk and recipient immune risk in the elderly population may be more significant and warrants further exploration.
In the remaining two subgroups, we found no significant difference in the risk of graft loss or death despite an increased risk of acute rejection with IL2RA. These data suggest that regardless of recipient immunologic risk, the relative benefit of rATG over IL2RA in the setting of lowrisk donors is questionable and identifies a group in which further study is clearly warranted.
The most appropriate dosage of rATG in elderly patients is also an important consideration because lower doses may minimize the concern for toxicity with these agents. Unfortunately we were unable to examine this issue using these data, but this strategy warrants further evaluation.
Alemtuzumab in the Elderly
Alemtuzumab use as an induction agent has steadily increased over the last 7 years in the United States. In our overall analysis, alemtuzumab use was associated with a higher risk of acute rejection, all-cause graft loss, and death. Prior retrospective analyses of alemtuzumab use in younger living-and deceased-donor kidney transplant recipients have reported mixed results (23) (24) (25) . Recently, a a Steroid use at discharge, CIT Ͼ36 hours, CIT unknown, DCD, PRA Ͼ 20%, PRA unknown, zero HLA mismatches, and dialysis duration unknown were NS (P Ͼ 0.10). b Steroid use at discharge and zero HLA mismatches were NS (P Ͼ 0.10). c Steroid use at discharge, diabetes mellitus cause of ESRD, DCD, CIT Ͼ 36 hours, CIT unknown, zero HLA mismatches, and dialysis duration unknown were NS (P Ͼ 0.10). d Steroid use at discharge and zero HLA mismatches were NS (P Ͼ 0.10). *DGF, dialysis in first week after transplantations.
single-center randomized study of 222 kidney or pancreas transplant recipients who received alemtuzumab or rATG reported no significant difference in death or graft outcomes and in fact reported a decreased rate of biopsyproven acute rejection episodes with alemtuzumab (26) . Although our overall results demonstrated a higher risk of acute rejection with alemtuzumab, this was not a consistent finding in the stratified analysis, with no significant difference in acute rejection seen in all but one strata. Interestingly, the risk of functional graft loss and death was greater with alemtuzumab in most groups, particularly among low-immunologic-risk recipients. This association may be explained by differences in maintenance immunosupression. For instance, steroid-free protocols were much more common in the alemtuzumab group, particularly among lower risk recipients. Steroid use at discharge was included in Cox models, but small sample sizes and insufficient longitudinal data on immunosuppressive protocols did not allow for a more thorough evaluation of this association. Regardless, we believe that the suggestion of inferior outcomes in the elderly in our analysis and the lack of data on the effect of alemtuzumab on infectious and other complications in the elderly transplant recipient argue against widespread use of this agent in the elderly transplant recipient without further study.
The results of this analysis need to be interpreted in the context of the limitations inherent to a retrospective registry analysis. Induction therapy is documented for UNOS at the time of discharge, making it difficult to ascertain whether its use was planned or whether there was a clinical indication (e.g., DGF) that may have prompted use of a particular agent. The immunosuppressive forms do specifically ask whether agents were given for the purposes of induction or rejection treatment, allowing us to exclude those treated for early rejection. In an attempt to adjust for the potential selection bias associated with DGF and induction agent use, we chose to include the need for dialysis in the first week after transplantation within each adjusted model. We also repeated the stratified analysis using dialysis in the first week as a marker of donor quality instead of predetermined donor characteristics and found similar outcomes as reported here (data not shown). Despite this, unmeasured confounding likely remains an important limitation of this analysis.
The definitions of high-and low-risk recipient and donor groups were based on prior studies, but the granularity of these data sets did not allow for more robust definitions. For instance, patients with a low PRA may still have donor-specific antibodies and therefore be misclassified in this analysis as lower immune risk. In the stratified analysis, the sample size may have limited the power of the analyses, particular when examining the use of alemtuzumab. Multivariate models were parsimonious to minimize the effect of this.
In conclusion, choice of immunosuppressive therapy in the elderly transplant recipient is complicated by their increased risk of infectious death, decreased immunogenicity, and greater likelihood of receiving a high-risk donor organ. Our findings highlight the variable use of induction therapies and suggest that rATG use may be preferable among high-risk recipients with high-risk donors and possibly low-risk recipients with high-risk donors. In the remaining groups, although there appears to be a higher risk of acute rejection, long-term outcomes do not appear to significantly differ. Ultimately, prospective comparisons of these agents in an elderly cohort are warranted to further compare the efficacy and adverse consequences of these agents to refine the use of induction immunosuppressive therapy in the elderly population.
